We studied 21 patients (ASA 1 or 2) to investigate the skin vasomotor reflex (SVmR) and haemodynamic responses to insertion of an intubating laryngeal mask airway (ILMA), tracheal intubation using the ILMA and removal of the ILMA. Anaesthesia was induced with fentanyl, midazolam, vecuronium and nitrous oxide. A size 4 ILMA was inserted using the standard technique, and a silicone reinforced tracheal tube (7.5 mm, ID) was passed through it. After confirming successful intubation, the ILMA was removed using the stabilizing rod. The three procedures were performed at approximately one-minute intervals. Insertion of the ILMA, intubation and removal of the ILMA all significantly reduced the skin blood flow on the ring finger in all patients. The mean amplitudes of the SVmR were 0.46 (SD 0.29), 0.54 (0.32) and 0.68 (0.21) respectively. The magnitude of the SVmR and the haemodynamic changes induced by removal of the ILMA were significantly larger than those accompanying the other two procedures. Use of the ILMA for intubation and removal of the ILMA produces three stimuli and the removal of the ILMA produces the greatest response.
Direct laryngoscopy for tracheal intubation produces a substantial reflex response [1] [2] [3] . The intubating laryngeal mask airway (ILMA) is a new device for blindly introducing a tracheal tube 4, 5 . Since it does not require exposure of the larynx, tracheal intubation using the ILMA might be less stimulating than the conventional method. The ILMA does exert greater pressure on the cervical vertebrae and pharyngeal mucosa than the conventional method of direct laryngoscopy 6, 7 . Intubation usually requires two steps, laryngoscopy and intubation. Intubation with the ILMA requires three steps; insertion of the ILMA, intubation and removal of the ILMA. The assessment of circulatory responses to intubation with the ILMA have not consistently accounted for the response to removal of the ILMA 8,9 . The recent development of the laser-Doppler (LD) flowmeter provides a useful tool for the observation of skin vasomotion. The LD skin blood flow (LD-SBF) consists of three components; i.e. cardiac, basic and reflex waves 10 . The reflex wave that follows an inspiratory gasp or various other somatosensory stimuli manifests as a transient marked reduction in the LD-SBF [10] [11] [12] , and has been named the skin vasomotor reflex (SVmR) 11 . Since the SVmR can be induced by anaesthetic procedures and surgical stimuli under general anaesthesia 13, 14 , its measurement could potentially be an objective indicator of nociception during general anaesthesia.
We previously reported the magnitude of the SVmR caused by direct laryngoscopy alone and by combined direct laryngoscopy and intubation 14 . In this study, we investigated the changes in the LD-SBF during intubation with the ILMA including assessment of the response to removal of the ILMA.
METHODS
We studied 24 patients who were scheduled for elective gynaecological surgery under general anaesthesia with tracheal intubation. Approval from the Institutional Review Board of our Hospital and informed consent were obtained. All of these patients were ASA physical status 1 or 2. We excluded patients who had any signs of autonomic dysfunction or cardiovascular disease detected by routine clinical laboratory tests and preanaesthetic interview, because the SVmR is significantly suppressed in patients with autonomic neuropathy 15 . No patients were taking chronic medication, were obese (body mass index more than 26) or were anticipated to have a difficult airway.
Intramuscular atropine sulphate 0.5 mg and midazolam 0.07 mg/kg were administered to each patient 30 minutes before entry into the operating room. In the operating room, a lead CM5 electrocardiogram (ECG) and pulse oximeter were established with the Datex AS/3 anaesthesia monitor (Helsinki, Finland). Non-invasive blood pressure was determined by the AS/3 at one-minute intervals. Heart rate (HR) was determined by the moving average method, which used four beats if the HR was less than 99/min, and eight beats if the HR was more than 100/min. The data were stored in a Clinical Advanced Network System (Nihon Kohden, Tokyo, Japan). Ambient temperature was maintained at 25 to 26°C.
An intravenous cannula was introduced into the median vein of the right forearm for the infusion of Ringer's acetate solution and drug administration. General anaesthesia was induced with intravenous fentanyl 3 µg/kg and midazolam 0.1 mg/kg. Vecuronium 0.1 mg/kg was administered after loss of consciousness. Subsequently, patients were ventilated via facemask with oxygen 50% with nitrous oxide through a semi-closed anaesthesia circuit. The endtidal concentrations of carbon dioxide and nitrous oxide, drawn from the Y-piece of the anaesthesia circuit, were monitored by the AS/3 system. These anaesthetic protocols were the same as those described in our previous report 14 assessing the SVmR during direct laryngoscopy and tracheal intubation.
Five minutes after administration of vecuronium, the size 4 ILMA (LMA-Fastrach, LMA North America, San Diego, CA) was inserted following the manufacturer's recommended standard technique. The cuff of the ILMA was deflated, and the posterior surface of the ILMA was lubricated with 2% lignocaine jelly before insertion. After insertion of the ILMA, the cuff was inflated with 20 ml of air. Gentle manual intermittent positive pressure ventilation (IPPV) was started via the ILMA. The adequacy of ILMA placement was assessed as satisfactory if the peak inspiratory pressure was less than 20 cmH 2 O and end-tidal carbon dioxide 35 to 40 mmHg. IPPV through the ILMA was then continued for one minute. Endotracheal intubation with the silicone reinforced tracheal tube designed for the ILMA (7.5 mm, ID) was performed through the ILMA. Successful intubation was confirmed by detection of carbon dioxide in the expired gases after inflating the cuff of the tracheal tube. When failed intubation occurred, the tracheal tube was withdrawn. After repositioning the ILMA, including the use of the up-down manoeuvre, endotracheal intubation was performed. We excluded patients from further study in whom intubation failed at the first trial. The ILMA was removed one minute after successful intubation using the manufacturer's stabilizing rod. One trained anaesthesiologist who was familiar with intubation using the ILMA performed all intubations in this study.
For observation of the LD-SBF, we used an LD flowmeter (ALF 2100, Advance, Tokyo). A plate-type probe was attached to the palmar side of the left ring fingertip by a double-sided adhesive disc. The details of the LD flowmeter have been described elsewhere [10] [11] [12] . The fingertip has rich arteriovenous anastomoses innervated with sympathetic fibres 16 . The output signal of the LD flowmeter was recorded on a heat pen recorder with a time constant of 1.0 s. Prior to anaesthesia induction, the SVmR was tested by an inspiratory gasp to detect any subclinical vasomotor disorders or probe factors [10] [11] [12] . Patients lacking the SVmR were excluded from further study. After anaesthesia induction, the SVmR (as assessed by reduction in LD-SBF) to each phase of the use of the ILMA was noted.
The LD-SBF wave recorded on a heat pen recorder was scanned by a ScanJet IIc with DeskScan II software (Hewlett Packard, Palo Alto, CA) and saved as tagged image file format (TIFF) data. The analysis of the magnitude of the SVmR was performed on a Power Macintosh G3 DT266 computer (Apple Computer, Cupertino, CA) using the public domain NIH Image program (developed at the U.S. National Institutes of Health and available from the Internet by anonymous FTP from zippy.nimh.nih.gov or on floppy disk from the National Technical Information Service, Springfield, VA, part number PB95-500195GEI). We used two indices to quantitatively evaluate the magnitude of the SVmR. The SVmR-amplitude was calculated by the following equation 3, 11, 14, 15 :
SVmR-amplitude=1-b/a where a denotes the LD-SBF immediately before the three anaesthetic procedures (insertion of the ILMA, tracheal intubation and its removal), and b denotes the minimal LD-SBF during the procedures. The area over the LD-SBF wave and under a tangent line drawn between the drop point and recovery point was measured as the SVmR area in units of pixels 14 .
The mean blood pressure (MBP) was calculated as the diastolic blood pressure +1/3 of the pulse pressure. The MBP and the HR were recorded immediately before insertion of the ILMA, between insertion of the ILMA and intubation (insertion data), between intubation and removal of the ILMA (intubation data), between removal of the ILMA and one minute after removal (removal data) and at 2, 3, 4, and 5 minutes after removal of the ILMA.
The measured values are presented as mean (SD). The unit of the LD-SBF is ml/100 g/min. The haemodynamic data were analysed using one-factor ANOVA and Fisher's post hoc test. Changes in the LD-SBF, the SVmR amplitude and the SVmR area were assessed by the Wilcoxon signed rank test. These statistical analyses were performed by Stat View 5.0 J (SAS Institute Inc, NC, U.S.A.). A P value less than 0.05 was considered significant.
RESULTS
An inspiratory gasp provoked the SVmR in all patients before anaesthesia induction. Failed intubation on the first trial was observed in three patients, who were excluded from further study. Therefore, the data from 21 patients were analysed. The mean age was 36.5 (9.5) years, weight 52.1 (8.9) kg and body mass index 21.4 (2.1). Figure 1 shows the LD-SBF level for each measured point. After anaesthesia induction, the LD-SBF level significantly (P<0.001) increased to 44.7 (11.0) from 9.7 (6.1). The three procedures, i.e., insertion of the ILMA, intubation, and removal of the ILMA all significantly (P<0.001) depressed the LD-SBF level compared to the level immediately before the procedure. The LD-SBF level on removal of the ILMA, 14.6 (10.5), was significantly lower than the LD-SBF levels at insertion of the ILMA (23.3 (12.4)) and at intubation (21.5 (17.0)). Therefore both the SVmR amplitude and the SVmR area at removal of the ILMA were significantly larger than those at insertion of the ILMA and intubation ( Table  1 ). The sum total of the SVmR area induced with the three procedures was 1666 (SD 629) pixels. the ILMA did not cause haemodynamic change. The MAP significantly increased at the point of the ILMA removal to one minute after, and this significant increase continued up to three minutes after removal of the ILMA. Similarly, the HR increased significantly at the point of the ILMA removal to one minute after, and this significant increase continued up to two minutes after removal of the ILMA. The comparison of haemodynamic change during the three procedures showed that the MAP and the HR from ILMA removal to one minute afterward were significantly (P<0.01) higher than those from ILMA insertion to intubation and from intubation to ILMA removal.
DISCUSSION
The present study demonstrated that insertion of the ILMA, intubation, and removal of the ILMA all provoked the skin vasomotor reflex (SVmR), and that removal of the ILMA induced the greatest response.
The SVmR involves afferent, central and efferent pathways 11, 12 . During intubation with the ILMA, reflex responses may be induced by the passage of the ILMA through the oral and pharyngeal spaces, pressure on the larynx and the pharynx by an inflated cuff and the dome of the ILMA, inserting the tube into the trachea, and removing the ILMA. Removal of the ILMA involves stimulation of both the oral and pharyngeal spaces, and of the trachea via movement of the tracheal tube. The signals are transferred to the brain through the trigeminal, glossopharyngeal and vagus nerves. The central polysynaptic pathways of the SVmR have not yet been clarified in humans. In the rabbit, Blessing and colleagues reported that the raphe pallidus and parapyramidal region may regulate ear pinna vascular conductance via a direct spinal projection 17, 18 . The pressor response to noxious stimuli is mediated via sympathetic nerves. The efferent pathway of the SVmR has also been reported to be composed of sympathetic nerve fibres [19] [20] [21] . Direct recording with microneurography of skin sympathetic nerve activity (SSNA) revealed that a burst of the SSNA always precedes the SVmR 21 . Iwase and colleagues reported a significant logarithmic relationship between the SSNA and reductions in skin blood flow induced by various stimuli 22 . Measurement of the SVmR is an indirect method of assessing this sympathetically mediated reflex.
Direct laryngoscopy produces a significant nociceptive stimulus. Avoiding direct laryngoscopy by use of the ILMA for tracheal intubation might theoretically be expected to produce a smaller stimulus. Reported haemodynamic effects of the two methods have not been consistent 8, 9 . Previously, we measured the SVmR during a three-second visualization of the larynx with the Macintosh or the McCoy blade and tracheal intubation with another blade two minutes after the first laryngoscopy 14 . The current study uses the same anaesthetic protocols and background patient factors did not differ. The SVmR-area induced by the three seconds of visualization of the larynx with direct laryngoscopy was 433 (298) pixels 14 . This is similar to the SVmR-area induced by insertion of the ILMA in this study. Keller and colleagues demonstrated that insertion of the ILMA produces greater pressures against the pharyngeal mucosa and the cervical vertebrae than direct laryngoscopy 6, 7 . Their reports and our findings indicated that both direct laryngoscopy and insertion of the ILMA produce significant nociceptive stimuli to the upper airway, even if the direction of pressure differs.
Removal of the ILMA produced a larger response than insertion in the present study. The distribution half-lives (t 1/2 α) of fentanyl and midazolam are reported to be 13.4 min 23 and 12 min 24 , respectively. The effect-site concentrations of the two drugs would be expected to show slower changes than plasma concentration. Changes in drug effects over the duration of this study would thus not be expected to account for the observed difference in responses. To prevent accidental extubation during removal of the ILMA, the practitioner tends to advance a tracheal tube 25 which produces the different magnitudes of the SVmR and haemodynamic responses to removal versus insertion of the ILMA. The sum total of the SVmR area induced by the laryngoscopy sequence and intubation in our previous study was 1382 (SD 448) pixels 14 which is similar to the SVmR area during intubation with the ILMA in the current study. Choye and colleagues reported that haemodynamic and catecholamine responses did not differ between intubation with direct laryngoscopy or with the ILMA 26 . Their report and previous results indicate that the magnitude of nociceptive stimulation did not differ between intubation with direct laryngoscopy and intubation using the ILMA. If the ILMA is not removed, lesser haemodynamic responses are observed. However, pressure on the pharyngeal mucosa when the cuff of the ILMA is inflated exceeds capillary perfusion pressure 6, 7 . Keller and colleagues recommended removal after use of the ILMA as an intubator 6, 7 .
We conclude that removal of the ILMA produces a larger response than ILMA insertion or intubation through the ILMA. Considering our previous results 14 , use of the ILMA for intubation, including ILMA removal, produces a similar haemodynamic response to intubation using direct laryngoscopy.
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